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(57) ABSTRACT 
In a method to operate a magnetic resonance apparatus with 
a magnetic resonance sequence—in particular a PETRA 
sequence—in which k-space is radially scanned for an 
image acquisition in a first region of k-space that does not 
include the center of k-space, and in which an excitation 
pulse is radiated as the full strength of at least two phase 
coding gradients is reached, and in which k-space is scanned 
in a Cartesian manner—in particular by single point imag 
ing in a second region of k-space remaining without the 
first region, the gradient strength corresponding to a shortest 
total acquisition time is determined automatically from 
predetermined sequence parameters and/or sequence param 
eters defined by a user. The sequence parameters parameter 
ize the magnetic resonance sequence and describe the num 
ber of acquisitions for the regions of k-space and the 
repetition time, and the gradient strength is indicated to a 
user as a recommendation and/or is set automatically in the 
implementation of the magnetic resonance sequence. 

10 Claims, 2 Drawing Sheets 
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MAGNETIC RESONANCE APPARATUS AND 
OPERATING METHOD 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention concerns: a method to operate a 

magnetic resonance device with a magnetic resonance 
sequence in particular a PETRA (Pointwise Encoding 
Time Reduction with Radial Acquisition) sequence—radi 
ally scanned for an image acquisition in a first region of 
k-space that does not include the center of k-space, with an 
excitation pulse that is radiated as the full strength of the at 
least two phase coding gradients is reached, and in which 
k-space is scanned in a Cartesian manner in particular by 
single point imaging in a second, remaining region of 
k-space other than the first region. The invention concerns a 
magnetic resonance device implements such a method. 

Description of the Prior Art 
Magnetic resonance sequences in which extremely short 

(“ultrashort”) echo times are used offer new fields of use in 
magnetic resonance imaging. Materials can be made visible 
with ultrashort echo times—for example bones, ligaments, 
tendons or teeth—that would not be measurable with con 
ventional sequences (for example in echo sequences or 
gradient echo sequences) due to their rapidly decaying 
magnetic resonance signal. Fields of application are there 
fore, for example, orthopedics, dental or skeletal imaging, 
and magnetic resonance positron emission tomography 
attenuation correction. 

In the prior art, various magnetic resonance sequences 
have been developed that have such ultrashort echo times, 
for example echo times TE<500 us. 
One example of Such a magnetic resonance sequence is 

the radial UTE (ultrashort echo time) sequence, for example 
as described in an article by Sonia Nielles-Vallespin, "3D 
radial projection technique with ultrashort echo times for 
Sodium MRI: clinical applications in human brain and 
skeletal muscle', Magn. Reson. Med. 2007: 57; Pages 
74-81. After a wait time after a non-slice-selective or slice 
selective excitation, the gradients are ramped up and begun 
simultaneously with the data acquisition, wherein the 
k-space trajectory scanned in Such a manner proceeds radi 
ally outwardly from the k-space center after an excitation. 
Before the image data are determined by means of Fourier 
transformation from the raw data acquired in k-space, the 
latter must initially be converted into a Cartesian k-space 
grid (for example via regridding). 
An additional known approach for ultrashort echo times 

<500 us is to scan k-space in points in that the “free 
induction decay (FID) is detected. Such methods are typi 
cally designated as single point imaging since essentially 
only one raw data point in k-space is detected per radio 
frequency excitation. The RASP (“rapid single point imag 
ing’) method is an example for Such a single point imaging, 
which is described in an article by O. Heid and M. Deimling, 
“Rapid Single Point (RASP) Imaging”, SMR, 3rd annual 
meeting, Page 684, 1995, for example. At a fixed point in 
time after the radio-frequency excitation at the "echo time” 
TE, a raw data point in k-space is read out whose phase has 
been coded by gradients. The gradient strength, together 
with the echo time, consequently thereby determines the 
point that is read out. The gradients are changed by means 
of the magnetic resonance system for each raw data point or, 
respectively, measurement point, and k-space is thus 
scanned point by point. 
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2 
The two presented variants—thus UTE sequences and 

single point imaging both have disadvantages, in particu 
lar that the methods take a very long measurement time. 

In this regard, a magnetic resonance sequence has been 
proposed that combines both approaches into a more time 
effective method, known as the PETRA sequence (“Point 
wise Encoding Time Reduction with Radial Acquisition'). 
The PETRA sequence is described in, for example, an article 
by David. M. Grodzki et al., “Ultrashort echo time imaging 
using pointwise encoding time reduction with radial acqui 
sition (PETRA), Magnetic Resonance in Medicine 67; 
Pages 510-518, 2012, and in DE 10 2010 041 446A1, which 
is herewith incorporated by reference into the disclosure 
content of this Specification. In a PETRA magnetic reso 
nance sequence, k-space corresponding to the imaging 
region is read out according to the following steps: 

a) Switching (activating) at least two phase coding gradi 
ents in a respective spatial direction by means of a gradient 
system of the magnetic resonance device, 

b) after the Switched phase coding gradients have reached 
the full strength, radiating a non-slice-selective radio-fre 
quency excitation pulse by means of a radio-frequency 
transmission/reception device of the magnetic resonance 
device, 

c) after a time t1 after the last radiated excitation pulse, 
acquiring echo signals by means of the radio-frequency 
transmission/reception device and entering these signals as 
raw data in k-space along a radial k-space trajectory prede 
termined by the strength of the phase coding gradients, 

d) repeating Steps a) through c) with different phase 
coding gradients until k-space corresponding to the imaging 
area is read out (filled) along radial k-space trajectories, in 
a first region depending on time t1, and 

e) reading out (filling) k-space corresponding to the 
imaging area that is not covered by the first region of 
k-space, and that includes at least the k-space center in a 
different manner than described by Steps a) through d). 
One of the basic ideas of the PETRA sequence is to 

already switch the phase coding gradient fields before the 
excitation pulse and to wait until these gradient fields have 
reached their full strength, such that the echo time—thus the 
time that lies between the excitation via a radio-frequency 
excitation pulse and the start of the acquisition of the 
measurement data—can be reduced in the totality of k-space 
to be scanned radially in comparison to a UTE sequence. 
However, a region around the center of k-space cannot be 
read out in this way, Such that it is proposed to read out this 
region in a Cartesian manner, in particular by means of a 
single point imaging method (for example RASP). 
The sequence parameters describing the specific magnetic 

resonance sequence to be executed are thereby largely freely 
selected by the user. It is extremely complicated, however, 
to achieve short overall measurement times by an appropri 
ately devised selection of parameters. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
optimally short total acquisition time for various parameter 
izations of a magnetic resonance sequence that scans 
k-space both radially and in a Cartesian manner. 
To achieve this object, in a method of the aforementioned 

type, according to the invention a gradient field strength 
corresponding to the shortest total acquisition time in the 
scanning of the first region is determined automatically from 
predetermined sequence parameters and/or sequence param 
eters defined by a user input that parameterize the magnetic 
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resonance sequence and describe the number of acquisitions 
for the regions of k-space and the repetition time, and this 
gradient field strength is indicated to a user as a suggestion 
and/or is set automatically in the implementation of the 
magnetic resonance sequence. 5 
The invention is based on the insight that, given a defined 

gradient strength used in the radial scanning of k-space, an 
optimum of the Sum of the acquisition times results for the 
radial and Cartesian portion. The gradient strength for the 
scanning of radial trajectories in the second region of 10 
k-space ultimately determines how large the second region 
of k-space around the center of k-space (consequently the 
arising “hole') is. The higher the gradient strength in the 
radial scanning of k-space, the shorter the duration of the 
corresponding scanning processes. However, more indi 
vidual points must therefore be scanned in a Cartesian 
a. 

An automated method is now made available that mini 
mizes the measurement time, by selection of an optimal 20 
gradient strength in the radial scanning for the sequence 
parameters predetermined by the user and/or by the system. 
A correlation between the total acquisition time and the 
gradient strength is used for this purpose. 

In other words, the phase coding gradients are already 25 
activated at their full gradient strength before application of 
the excitation pulse in the magnetic resonance sequence 
(which is in particular a PETRA sequence). The coding of 
the spins therefore already effectively starts as of the middle 
of the excitation pulse. Since the data acquisition cannot be 30 
begun directly after the excitation pulse for technical reasons 
(in particular reverberations and like), in the acquisition of 
radial spokes in k-space, the first measurement points near 
the center are missed and a spherical hole in k-space center 
arises, namely the second region. The greater the gradient 35 
strength, the faster the readout and the more measurement 
points that fall into this “hole'. 
The points situated in the second region are Subsequently 

measured point-by-point in the Cartesian portion of the 
magnetic resonance sequence, with only one point being 40 
measured in each repetition, since phase disruptions can 
otherwise occur. The repetition times TR in the Cartesian 
portion and radial portion of the magnetic resonance 
sequence are also preferably kept the same in order to not 
disrupt or, respectively, contaminate the arising steady state. 45 

If parameters describing the image readout in particular 
the size of the field of view and the matrix size in k-space, 
the echo time, the number of radial spokes to be acquired in 
the first region of k-space and the time provided for the 
ramping of the phase coding gradients—are now used as 50 
sequence parameters in a concrete embodiment of the pres 
ent invention, a correlation between the total acquisition 
time and the gradient strength can be derived analytically, 
which is briefly presented in the following. 

The size (extent) of the field of view is thereby designated 55 
with FOV; the matrix size ink-space (describing the totality 
of measurement points to be determined and Cartesian 
measurement points derived from the radial measurements) 
is designated with N; the echo time is designated with TE: 
the number of radial spokes to be acquired is designated with 60 
N; and the time provided for the ramping of the phase 
coding gradients is designated with T. The total acqui 
sition time is designated with T, and the gradient strength 
in the radial scanning of k-space is designated with G. The 
image resolution 65 

15 

R=FOVIN 

4 
follows from the extent of the field of view (FOV) and the 
matrix size N. The extent of k-space can be derived from this 
aS 

wherein Y is the (as is known) the gyromagnetic ratio. 
Depending on the gradient strength G, the time 

ease 

is required in order to code an outer point of k-space. For a 
selected echo time TE (time from the middle of the excita 
tion pulse up to the beginning of the data acquisition, it 
follows that all points in the radius 

around the center of k-space cannot be measured in the 
radial portion of the magnetic resonance sequence, and 
consequently must be measured in a Cartesian manner, 
which means that the radius r describes the second region. 
The first region lies outside of the second region, starting 
from the center of k-space. 
The number of measurement points to be scanned in a 

Cartesian manner can now be calculated as 

N=4/3:1 r. 
Therefore, together with the number of radial spokes N. 

overall a number of N. N.--N, repetitions are mea 
Sured in the total acquisition time 

aga ges 

The repetition time is thereby limited by the radial portion 
of the measurement data acquisition. Add to the readout 
duration T. that is required there the echo time TE; half 
the duration of the excitation pulse; and the time T. 
provided for ramping the phase coding gradients, wherein in 
the following for the sake of simplicity—the time T is 
defined such that it already includes the duration of the 
excitation pulse. The minimum possible repetition time 
consequently results as 

eae ranp 

If these values are inserted into the formula of the total 
acquisition time T, it follows that: acg 

A high-grade, non-linear curve is described with this. This 
curve can now be evaluated either sic in that the equation 
is solved analytically with regard to a minimum, in particu 
lar by calculating the derivative and calculation of the 
minimum of this, wherein it is also conceivable, however, 
that predetermined values for the gradient strength G are 
used in the formula for the total acquisition time T. 
whereupon the value leading to the Smallest total acquisition 
time T is selected. 
The values for T. and TE are preferably for the most 

part predetermined, wherein N, N and FOV are designed 
So as to be adjustable by a user. 

In an example with FOV-300 mm, T-500 us, 
N50000, TE-70 us and N=256, a minimum measure 
ment time results at a gradient strength of 9.2 mT/m. 

it is now possible for this optimal value in the radial 
scanning of k-space in the second region to be selected and 
set automatically for the implementation of the magnetic 
resonance sequence, but it is also possible to specify the 
value for the gradient strength to a user as a recommenda 
tion. This user can then decide whether to follow the 
recommendation for the value of the gradient strength. 
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Furthermore, it is advantageous to provide a user interface 
via which a function for the recommendation of the gradient 
strength corresponding to the shortest total acquisition time 
can be activated and/or deactivated. The method to auto 
matically determine an optimal gradient strength for the 
radial portion of the magnetic resonance sequence can 
consequently always be activated automatically, or can also 
be activatable or deactivatable by the user via an operating 
element in the user interface. The user can thus decide 
whether he or she will receive corresponding instructions. 

Overall, the method according to the invention thus 
allows an automatic measurement time minimization by 
determining an optimal gradient strength for settings (the 
sequence parameters) predetermined by the user and/or by 
the system. An extremely user-friendly handling is thereby 
provided. 

In addition to the method, the present invention also 
concerns a magnetic resonance device that has a control 
device designed to execute the method according to the 
invention. All statements with regard to the method accord 
ing to the invention can analogously be transferred to the 
magnetic resonance device according to the invention, Such 
that the advantages of the present invention can also be 
achieved with this device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of an embodiment of the method 
according to the invention, 

FIG. 2 shows a curve of the total acquisition time depend 
ing on the gradient field strength. 

FIG. 3 schematically illustrates a magnetic resonance 
device according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a flowchart of an exemplary embodiment of 
the method according to the invention. This embodiment 
involves preparation (optimized with regard to the total 
acquisition time) and execution of a PETRA magnetic 
resonance sequence in which a first region of k-space that 
corresponds to an imaging area located in a measurement 
Volume of a magnetic resonance device is scanned by radial 
scanning of k-space along spokes that are defined starting 
from the center of k-space and proceed radially, while a 
second region including the center of k-space is scanned in 
a Cartesian manner by single point imaging. In its embodi 
ment, the magnetic resonance sequence is parameterized by 
various sequence parameters in the acquisition of a defined 
imaging area, which sequence parameters are determined in 
Step 1 in that either they are already predetermined by the 
magnetic resonance device (presently with regard to the time 
provided for the ramping of the phase coding gradients and 
the echo time, which is chosen to be as short as possible) 
and/or are set by a user, presently with regard to the number 
of spokes to be scanned radially and the desired image 
resolution, consequently the size (extent) of the field of view 
and the matrix size. It is noted that, naturally, other sequence 
parameters—in particular also those that are not required for 
the following calculations—can be adjustable and/or prede 
termined by the magnetic resonance device. 

In Step 2, an optimal gradient strength in the radial 
scanning in the first region is automatically determined for 
which the total acquisition time is minimal. For this, 
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6 
derived above is tested at a minimum of the total acquisition 
time T. when it is understood as a correlation between the 
total acquisition time T, and the gradient strength G. 

FIG. 2 shows as an example the non-linear curve of the 
total acquisition time T, depending on the gradient 
strength G for an example in which the extent of the field of 
view FOV-300 mm; the time T-500 us is provided for 
the ramping of the phase coding gradients; the number of 
radial spokes to be acquired in the first region N, 50000; 
the echo time TE=70 us; and the matrix size N=256 have 
been selected. In this example, the minimum measurement 
time is at 9.2 mT/m, as is apparent from FIG. 2. 

In an optional Step 3, the optimal gradient strength for the 
radial acquisition that is determined automatically in Step 2 
can be displayed as a Suggestion to a user, whereupon this 
user either confirms or modifies the Suggestion. However, it 
is also possible that the selection takes place completely 
automatically, and in the following the magnetic resonance 
sequence is then started automatically with the optimal 
gradient strength. 
The image acquisition with the magnetic resonance 

sequence and the ideally set gradient strength for the radial 
scanning of k-space then takes place in Step 4. 

It is further noted that an operating element with which 
this automatic determination of an optimal gradient strength 
can be deactivated and activated can be provided in the user 
interface of the magnetic resonance device. 

Finally, FIG. 3 schematically shows a magnetic resonance 
apparatus 5 that—as is fundamentally known has a magnet 
unit 6 into which a patient can be driven through a patient 
receptacle 7. A radio-frequency transmission/reception 
device (a body coil, for example) and the gradient coils can 
be provided (not shown in detail for clarity) encircling the 
patient receptacle 7. 
The operation of the magnetic resonance apparatus 5 is 

controlled via a control device 8 which, in the image 
acquisition, can realize the PETRA magnetic resonance 
sequence with the set sequence parameters, in particular also 
the set, optimal gradient strength. The control device 8 is 
connected with an operating unit 9 which has a display 
device 10 and an input device 11. Adjustable sequence 
parameters can hereby be set. Predetermined sequence 
parameters can be stored in a storage device of the control 
device 8. 

In particular, at the display device 10 a user interface 12 
can be provided which the recommendation for the optimal 
gradient strength can possibly be output and in which and in 
which an operating element 13 can be provided in order to 
activate or deactivate the automatic calculation functionality 
of Step 2. 

In each case, the control device 8 is designed to operate 
the magnetic resonance apparatus 5 to implement the 
method according to the invention. 

Although modifications and changes may be suggested by 
those skilled in the art, it is the intention of the inventor to 
embody within the patent warranted hereon all changes and 
modifications as reasonably and properly come within the 
scope of his contribution to the art. 

I claim as my invention: 
1. A method to operate a magnetic resonance apparatus 

comprising: 
acquiring magnetic resonance data by operating a mag 

netic resonance data acquisition unit according to data 
acquisition pulse sequence in which a radio-frequency 
excitation pulse, which excites nuclear spins in a Sub 
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ject, is radiated when a full strength of at least two 
activated phase coding gradients in said pulse sequence 
is reached; 

entering magnetic resonance signals resulting from exci 
tation of said nuclear spins into an electronic memory 
organized as k-space, by scanning k-space in a first 
region thereofthat does not include a center of k-space. 
and scanning k-space in a Cartesian manner in a second 
region of k-space that remains without the first region; 

providing sequence parameters for said data acquisition 
pulse sequence to a processor that describe a number of 
acquisitions of said first and second regions of k-space 
and a repetition time of said number of acquisitions: 

in said processor, automatically determining, from said 
sequence parameters, a gradient field strength of said at 
least two phase coding gradients that corresponds to a 
shortest total acquisition time for executing said data 
acquisition pulse sequence; and 

making a designation of said gradient strength available at 
an output of said processor in an electronic form. 

2. A method as claimed in claim 1 comprising operating 
said magnetic resonance data acquisition unit with a PETRA 
sequence, as said pulse sequence. 

3. A method as claimed in claim 1 wherein scanning 
k-space in a Cartesian manner comprises implementing 
single point imaging in said second region of k-space. 

4. A method as claimed in claim 1 comprising, at a display 
unit in communication with said processor, visually display 
ing a representation of said gradient field strength. 

5. A method as claimed in claim 4 comprising, via a user 
interface in communication with said processor, allowing 
manual entry of a command that selectively activates or 
deactivates said display of said representation of said cal 
culated gradient field strength. 

6. A method as claimed in claim 1 comprising, from said 
processor, automatically controlling operation of said data 
acquisition unit according to said pulse sequence, with said 
calculated gradient field strength. 

7. A method as claimed in claim 1 comprising selecting 
said sequence parameters from the group consisting of 
parameters describing an image resolution, parameters 
describing a size of a field of view, parameters describing a 
size of a matrix in k-space in which said data points are 
entered, parameters describing an echo time of said pulse 
sequence, parameters describing a number of radial spokes 
in said first region of k-space, and parameters describing a 
time within said pulse sequence for ramping said phase 
coding gradients. 

8. A method as claimed in claim 1 comprising calculating 
said gradient field strength by calculating a minimum of: 

T=(N+256/3*a*(y'TE*G*FOV))*(TE+TF 
N/(2y:FOV*G)) 

for the total acquisition time, wherein N, is the number 
of radial spokes to be acquired in k-space, TE is the 
echo time, G is the gradient strength, FOV is the size 
of the field of view, T is the time provided for the 
ramping of the phase coding gradients. Y is the gyro 
magnetic ratio of said nuclear spins, and N is the matrix 
size in k-space; or via use of predetermined values for 
the gradient strength in the formula for the total acqui 
sition time and selection of the value leading to the 
lowest total acquisition time. 

10 

15 

25 

35 

40 

45 

50 

55 

60 

8 
9. A magnetic resonance apparatus comprising: 
a magnetic resonance data acquisition unit: 
a control unit configured to operate the magnetic reso 

nance data acquisition unit to acquire magnetic reso 
nance data according to data acquisition pulse sequence 
in which a radio-frequency excitation pulse, which 
excites nuclear spins in a subject, is radiated when a full 
strength of at least two activated phase coding gradients 
in said pulse sequence is reached; 

said control unit configured to enter magnetic resonance 
signals resulting from excitation of said nuclear spins 
into an electronic memory organized as k-space, by 
scanning k-space in a first region thereof that does not 
include a center of k-space, and scanning k-space in a 
Cartesian manner in a second region of k-space that 
remains without the first region; 

a processor configured to receive sequence parameters for 
said data acquisition pulse sequence that describe a 
number of acquisitions of said first and second regions 
of k-space and a repetition time of said number of 
acquisitions: 

said processor being configured to automatically deter 
mine, from said sequence parameters, a gradient field 
strength of said at least two phase coding gradients that 
corresponds to a shortest total acquisition time for 
executing said data acquisition pulse sequence; and 

said processor being configured to make a designation of 
said gradient strength available at an output of said 
processor in an electronic form. 

10. A non-transitory, computer-readable data storage 
medium encoded with programming instructions, said data 
storage medium being loaded into a computerized control 
and evaluation system of a magnetic resonance apparatus, 
that also comprises a magnetic resonance data acquisition 
unit, said programming instructions causing said computer 
ized control and evaluation system to: 

operate the magnetic resonance data acquisition unit to 
acquire magnetic resonance data according to data 
acquisition pulse sequence in which a radio-frequency 
excitation pulse, which excites nuclear spins in a Sub 
ject, is radiated when a full strength of at least two 
activated phase coding gradients in said pulse sequence 
is reached; 

enter magnetic resonance signals resulting from excita 
tion of said nuclear spins into an electronic memory 
organized as k-space, by scanning k-space in a first 
region thereof that does not include a center of k-space, 
and scanning k-space in a Cartesian manner in a second 
region of k-space that remains without the first region; 

receive sequence parameters for said data acquisition 
pulse sequence that describe a number of acquisitions 
of said first and second regions of k-space and a 
repetition time of said number of acquisitions: 

automatically determine, from said sequence parameters, 
a gradient field strength of said at least two phase 
coding gradients that corresponds to a shortest total 
acquisition time for executing said data acquisition 
pulse sequence; and 

make a designation of said gradient strength available at 
an output of said control and evaluation system in an 
electronic form. 


